1 




\ 

i 


k 


NASA TECHNICAL 
MEMORANDUM 

NASA TM X-73335 


COMPEND lUM OF METEOROLOG ICAL DATA FOR THE 
CENTAUR launch IN FEBRUARY 1974 


By J. Briscoe Stephens, S. I. Adelfang, and A. I. Goldford 
Space Sciences Laboratory 

(NASA-TK-X-73335) CCMFINDIUM OF N76-33613 

METECFCLCGICAL CATA FOE THE CZNTAUE LAUNCH 
IN FFE5UAFY 1S74 (NASA) 36 p HC J4.00 

CSCL G4E Unclas 

G3/47 Q67S5 


August 1976 


NASA 


George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 




1 REPORT NO. 

NASA TM X-73335 

2. GOVERNMENT ACCESSION NO. 

3. RECIPIENT'S catalog KO. 

4 TITLE AND SUBTITLE 

Compendium of Meteorological Data for the Centaur Launch 
in February 1974 

5. REPORT DATE 

August 1976 

6. PERFORMING ORGANIZATION CC>OE 

7. AUTHOR(S) 

J. Briscoe Stephens, S. I. Adelfang,"'' and A. I. Goldford' 

8, performing organization REPORI ft 

9. PERFORMING ORGANIZATION NAME AND ADDRESS ^ 

10. WORK UNIT NO. 

George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 33812 

11. contract or grant no. 


13. TYPE OF REPOR'. & PERIOD COVERED 

12 SPONSORING AGENCY NAME AND ADDRESS 

National Aeronautics and Space Administration 

Technical Memorandum 

Washington, D. C. 20546 


l.a. SPONSORING AGENCY CODE 

1 


IS. SUPPLEMENTARY NOTES 

=!= Science Applications, Inc. , Huntsville, Alabama 


16. ABSTRACT 

The meteorological data for the 33-hour period prior to the Centaur (Titan III E) 
launch from Kennedy Space Center at 0948 EDT on February 11, 1974. are archived in 
this report. These data were collected in support of the NASA rocket exhaust effluent 
prediction and monitoring program. This is a rather unique data set in that a high 
temporal resolution of upper air soundings is provided. All supporting data, such as 
synoptic charts and wind tower data, are also included. This is the second in a series of 
seven data reports. 


17. KEY WORDS 

Fluid Mechanics 

. Aerospace Rocket Effluent Dif^..sion Modeling 
Air Quality 


18. DISTRIBUTION STATEMENT 


tJnclassified — Unlimited 


. 

19. SECURITY CUASSIF, (of thU repertl 

20. SECURITY CLASSIF. (of thU p«gft) 

21. NO. OF PAbfS 

22 PRICE 

i 

i 

Unclassified 

Unclassified 

37 

NTIS 


MSFC ‘ Form 3lf 1 (Rev December 1171) 


For sale by National Technical Information Service, fiprinpfield, Virginia ill 51 













i 

I 

I 

/ 






ACKNOWLEDGMENTS 


This document was compiled to support the work of the Atmospheric 
Diffusion/Environmental Effects Technical Task Team. The authors wish to 
acknowledge the excellent support and cooperation of the U. S. Air Force Air 
Weather Service at the Eastern Test Range without which this effort would not 
have been possible. All local meieorological data and support were provided 
by the U. S. Air Force Air Weather Service. O. H. Daniel, R. Strickland, 
and C. Partridge of Pan American World Airways, Guided Missile Range 
Division, (the USAF range contractor) provided the majority of the data for 
this report. 


...4 


1 





I 

i 


1 

/ 

I 

i 

f 

i 


if 


TABLE OF CONTENTS 


Page 


I. INTHODUCTION 1 

n. DATA 1 

HI. LAUNCH CONDITIONS 5 

APPENDIX A: SYNOPTIC CHARTS 9 

10 Februarj' 0800 RDT ( 1200Z). T-2f) hr 48 min 10 

11 February 0800 EDT (1200Z), T- 1 hr 8 min 11 

12 February 0800 EOT ( 1200Z), Tf22 hr 12 min 12 

APPENDIX B; SURFACE OBSERVA HONS 13 

0158 EOT (05587) 11 February to 0050 EDT (04507) 

12 February 14 

APPENDIX C: RAWINSONDE DATA 15 

10 February 0115 EDT (05157), T-32 hr 33 min 10 

10 February 0715 EDT (11157), T-20 hr 33 min 17 

10 February 1030 EDT (14307), T-23 hr 18 min 18 

10 February 2300 EDT (03007, 11 Feb), T-10 hr 48 min 19 

11 February 0030 EDT (04307), T- 9 hr 18 min 20 

11 February 0000 EDT (10007), T- 3 hr 48 min 21 

11 February 0910 EDT (13107), T- 38 min 22 

APPENDIX D: WINDSONDE DATA 23 

11 February 0503 EDT (00037), T- 4 hr 45 min 24 

APPENDIX E: SATELLITE IMAGERY 25 

10 February 2058 EDT (00587, 11 Feb), T-12 hr 50 min ... 20 

11 February 2205 EDT (02587, 12 Feb), T4 12 hr 17 min .... 26 

APPENDIX F: CALCULATION OF THERMODYNAMIC VARIABLES 

FROM RAWINSONDE DATA 27 




iii 





1 


! 


I 



i 


i 


LIST OF ILLUSTRATIONS 


Figure Title Page 

1. Location of KSC meteorological station for surface 

and upper-air observations 3 

2. AM“' '-9 radiosonde 4 

3. Data chronology 6 


LIST OF TABLES 


Table Title Page 

1. Meteorological Data Summary for the Centaur Launch 

on II February 1974 at 0948 EDT (1448Z) 2 

2. Meteorological Data Obtained Within 1. 5 Hours of 

T-0 (0948 EDT, II February 1974) 7 




iv 



TECHNICAL MEMORANDUM X-73335 


COMPENO lUM OF METEOROLOGICAL DATA FOR THE 
CENTAUR WUNCH IN FEBRUARY 1974 

I. INTRODUCTION 

This report is a compendium of all the meteorological data collected as 
a function of the joint Marshall Space Flight Center (MSFC )/Langlcy Research 
Center (LaRC) /Kennedy Space Center (KSC) rocket exhaust effluent prediction 
and monitoring program for the Centaur, a Titan III E launch from Kennedy 
Space Center at 0948 EOT on February 11, 1974. The data presented in this 
compendium were collected largely to support NASA/MSFC diffusion predictions 
for the deployment of NASA/LaRC monitoring sites. The joint solid rocket 
motor exhaust prediction (MSFC) and measurement (l^aRC and KSC) program 
evolved in 1972 utilizing the Titan and Delta launches as a source for empirical 
information that can be employed to more accurately predict the envii'onmental 
effects of planned Space Shuttle operations. 

These data are archived both as an aid in postlaunch analysis and 
because they represent a unique set of atmospheric soundings with high temporal 
resolution. Included in the report are the synoptic charts, surface observations, 
rawinsonde and windsonde soundings, and satellite cloud imagery obtained 
during this period. There is no attempt to analyze any of the data presented in 
this document but rather to provide a data source for future analysis. 


II. DATA 


The data are listed in Appendices A througli E; page numlx^rs for specific 
data are given in the Table of Contents. The dates, times, and sources of the 
data are listed in Table 1. 

The synoptic charts are from the series published weekly by the 
National Oceanographic and Atmospheric Aflministration (NOAA). The surface 
data are from the Cape Canaveral Air Force Station xlocation shown as KSC 
meteorological station in Figure 1), 

The rawinsonde runs were made with an AMQ-9 radiosonde (Fig. 2) 
using the GMD-4 rather than the NoAA 4 00511 radiosonde system. The tempera- 
ture and humidity sensor data are transmitted ten times per minute in the AMQ-9 
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TABLE 1. METEOROLOGICAL DATA SUMMARY FOR THE CENTAUR 
LAUNCH ON 11 FEBRUARY 1974 AT 0948 EDT (1448Z) 


Data Type 

Date 

(Feb 1974) 

Time 

Source 

EDT 

Relative^ 

Synoptic Charts 

10 

0800 

T-25 hr 48 min 

NOAA 


11 

0800 

T- 1 hr 8 min 

NOAA 


12 

0800 

T+ 22 hr 12 min 

NOAA 

c 

Surface Observations 

11, 12 

0158 to 

T- 7 hr 50 min to 




0050 (12 Feb) 

T+15 hr 8 min 

USAF 

Rawinsonde 

10 

0115 

T-32 hr 33 min 

USAF 


10 

0715 

T-26 hr 33 min 

USAF 


10 

1030 

T-23 hr 18 min 

USAF 


10 

2300 

T-10 hr 48 min 

USAF 


11 

0030 

T- 9 hr 18 min 

USAF 


11 

0600 

T- 3 hr 48 min 

USAF 


11 

0910 

T- 38 min 

USAF 

Windsonde 

1.1 

0503 

T- 4 hr 45 min 

USAF 

Satellite Imagery (IR) 

10 

2058 

T- 12 hr 50 min 

USAF 


11 

2205 

T + 12 hr 17 min 

USAF 


^Relative to launch time; for example, 0950 EDT = T+2 min. 

^Charts for surface and 500 mb; also included are precipitation and maximum 
and minimum temperatures for the preceding 24-hr period. 

c 

Location of the base station for upper air and surface observations is Illustrated 
in Figure. 
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by a clock-actuated switch rather than the aneroid barometer switch used in 
the NOAA radiosonde. Botii systems measure azimuth and elevation with the 
directional receiver in the GMD. A transponder in the AMQ-9 is used to 
obtain the slant range to the radiosonde, enabling the calculation of altitude. 

The pressure is then calculated according to the hypsometric equation. The 
equations used in the computer program to calculate various thermodynamic 
quantities from the basic altitude, temperature, and relative humidity data are 
given in Appendix F. 

The windsonde measures Eulerian*wind direction and speed as a function 
of altitude and is similar to the rawinsonde (AMQ-9) except that it does not have 
temperature and humidity sensors. 

Since it is envisioned that use of the rawinsonde and windsonde data will 
be restricted to studies of the stabilized Space Shuttle rocket booster cloud, an 
altitude limit of fi. 8 km (20 000 ft) was chosen; all data beyond that altitude are 
not incl'ided in this report. The excluded data are archived at MSFC and are 
available. 

The data contained in this report cover a time period that is sufficient 
for most anticipated meteorological analyses. The chronology of the data 
relative to the time of launch is given in Figure 3. In most studies data within 
1.5 hours of launch time (0948 EOT, 11 February) are sufficient. To facilitate 
retrieval of these data, an index is provided in Table T which gives the page 
number of data obtained within 1. 5 hours of launch. It is understood that for 
dynamic situations, such as the onset of a sea breeze or the passage of a front 
within 1.5 hours of launch, the selection of data would have to lie narrowed to a 
more appropriate period. 

Ml. LAUNCH CONDITIONS 


At launch the KSC meteorological station reported a clear sky with a 
visibility of 10 miles. The surface wind was from the west-northwest at 
7 knots. A rawinsonde sounding taken 38 minutes before launch indicated a 
northwest wind at 25 knots at 1. 05 km (3440 ft). The northwest wind was 
responsible for the observed offshore trajectory of the stabilized exhaust cloud. 


^For practical applications the rawinsonde and windsonde data are treated 
as Eulerian. 
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TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 1.5 HOURS 




OF T- 

■0 (0948 EDT. 11 February 1974) 


TIME 


DATA TYPE 

PAGE 

T-68 min 

(0845 

EDT) 

Synoptic Charts 

9 

T-63 min 

(0845 

EDT) 

Surface Observation 

14 

T-50 min 

(0858 

RDT) 

Surface Observation 

14 

T-38 min 

(0910 

EOT) 

Raw insonde 

22 

T-33 min 

(0915 

EDT) 

Surface Observation 

14 

T-18 min 

(0930 

EDT I 

Surface Observation 

14 

T- 3 min 

(0945 

EDT) 

Surface Observation 

14 

T+ 1 min 

(0949 

EDT) 

Surface Observation 

14 

T+ 2 min 

(0950 

EDT) 

Surface Observation 

14 

T+ 10 min 

(0958 

EDT) 

Surface Observation 

14 

T+68 min 

( 105G 

EDT) 

Surface Observation 

14 
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CAPE KENNEDY AFSi FLORIDA W 
|A3tZ iO FES I9TA 
ascent NBR 0989 


Aiurvoi 

0I» SPcEO 

Te^P 

oew pt 

PRES5 

8 H 

hum 

DCnSITT 


VS 

Shear 


OtO KtS 

OEO C 

0E6 C 


PCT 

6/P3 

G/M3 

H 

kTS 

/sec 

oco 


320 • 

9s7 

-0.8 

1025.10 

51 

4.67 

1259.84 

310 

655 

0 

0 

TOOO 

339 ^ 

' f.4 ' 

.9 

908.62^ 


5.6? 

1224.70^ 


652 


6 

2000 

3^0 It 

5.3 

-2.8 

952.62 

56 

3.89 

1189.48 

289 

650 

• 003 

346 

* 3oa® 

2U IT” 

3.0 

-14.5 

917.64 

28 

i.*72 

1156.55 

269 

647 

.003 

270 

4000 

325 20 

.8 

-17.5 

883.65 

24 

1.22 

1122.82 

258 

645 

.006 

280 

” 5oOO 

319 25 

•0*7 

-13.7 

850.72 

37 

1.7o 

1086.58 

253 

643 

• 009 

299 

0000 

319 29 

-2.5 

-10 . 0 

810.83 

29 

1.21 

1053.16 

262 

641 

.007 

3l7 

7000” 

321 31 

•3.6“ 

-29.8 

787,99 

11 

.4y 

1016.06 

229 

648 

• 084 


0000 

327 33 

•2.8 

99.9 

755,30 

999 

99.99 

976.98 

219 

641 

.007 

21 

9ooO 

330 3* 

-3.8 

•34 ;9 

729.68 

7 

.25 

943.59' 

212 

6J9 

.004 

19 

10000 

339 37 

•3.8 

99.9 

702.08 

999 

99.99 

907.97 

202 

639 

*007 

26 

llOOO 

331 37 

-3.2 

99.9 

675.58 

999 

99.99 

871.94 

194 

640 

• 003 

59 

12000 

330 36 

. 5.7 

99.9 

653.07 

999 

99.99 

840.63 

187 

639 

.002 

161 

13oo6 

^36 ” 3 ^~ 

-4.4 

99.9 

625.47 

999 

99.99 

aih.05 ~ 

181 

639 

.004 

237 

1*000 

326 37 

- 5.7 

99.9 

601.72 

999 

99.99 

783.93 

175 

637 

• 009 

258 

iSeoo 

315 40 

-7.7 

99.9 

570.74 


99.99 

759.42 

169 

635 

• 013 

252 

leooo 

305 41 

-9.4 

99.9 

556.48 

999 

04.99 

735.04 

164 

633 

• 013 

231 

Pooo 

296 43 

-ii*5 

99.9 

534.93 

999 

99.99 

712.21 

159^ 

630 

•on 

227 

lOooe 

293 44 

-13.4 

99.9 

514.07 

999 

99.99 

689.52 

154 

628 

• 005 

225 

■pooo 

290 - 4*^ 

-15.5 

- 45.4 

493.85 

6 

.09 

667. 6r ' 

149^ ' 

625 

• 006 

218 

2U000 

256 46 

-J8.4 

-46.9 

474.26 

6 

.07 

648.55 

145 

622 

• 006 

227 


NANCATORT levels 


“4iTTTUDt 

DIR 

SPeKO 

7EHP 

OtW PT 

PRESS 

Rm 

PtET 

OCO 

KtS 

0E8 C 

D80 C 

PBS, 

PCT 

688 

336 

12 

8.1 

.6 

1000 

59 

" "7071” 

140“ 


5.2 ~ 

-3.2 

950 

55 

3510 

329 

18 

1.9 

-17.2 

900 

23 

5014 

319 

25 

• 0*7 

-13.6 

850 

37 

t595 

320 

30 

-2.9 

-24.7 

800 

19 

8272 

328 

34 

•3.0 

-32.7 

750 

8 

1005B 

336 

37 

-3.6 

99.9 

700 

999 

- 11979^ 

338 

36 

-3.7 

99.9 

650 

999 

14044 

325 

37 

•5.9 

99.9 

600 

999 

‘ 10242 

302 

42 

-9.9 

99.9 

550 

999 

16649 

291 

44 

-14.8 

-45.1 

500 

5 


significant levels 


altitude 

OIR 

speed 

TE»P 

CEV PT 

PRESS 

1/R 

FEET 

UCG 

KtS 

DEO C 

OErG C 

N6S 

N 

16 

320 

8 

9.7 

-o.e 

lOES.lO 

310 

1178 

741 

16 

7.0 

1.0 


303 

2150 

340 

16 

5.0 

•3.5 

•AT. 33 

287 

3197 

332 

l7 

2.6 

-17.0 

• 10. «« 

264 

M74 

318 

28 

-p.9 

-12.8 

HAS. 10 

252 

6i72 

319 

30 

•2*8 

-19.1 

813, AT 

240 

M33 

321 

31 


-31.5 

T83,«0 

227 

” "7684 

325 

32 

•2*^ 

99.9 

TaT.SS 

220 

8206 

328 

33 

-2.9 

• 32.4 

TS2.33 

218 

9148 

330 

34 

-3^8 

-35.4 

T2S.S3 

211 

9799 

334 

37 

•4.2 

99.9 

TOT.SA 

204 

11316 

339 

37 

-3.2 

99.9 

6AT.4I 

192 

13453 

332 

38 

-4.7 

99.9 

61A.A3 

178 

“ P266- 

295 

43 

-12. T 

99.9 

529.13 

157 

18252 

29? 

44 

-13.9 

-44. T 

50*. «2 


P378 

289 

44 

-16«3 

•45.8 

ASA.AI 

14l 

20365 

284 

47 

•19,6 

-47.6 

A6T.29 

144 

24020 

287 

60 

•2t.3 

-52.0 

A01.A9 

127 

25045 

999 

999 

•29.2 

-52.3 

38A,*4 

123 
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ftAHlNSO*«DC RUN AN/Q>>C*4 
CAPC kCRnCDY aFS* KORIOA 
0300Z M fCB |«7A 
ASCCNt KBR OOSB 


JiTUot 

OlR 

$Pe|o 

TtMP 

DC'* P7 

PBeSS 

ntr 

OCO 

KtS 

oco c 

DEO C 

fBS 


200 

4 

*fi.*0 

-2.3 

1022«^0 

- 

looo 

260 

i2 ^ 

10.0 

-7 *9 

B86.U 

«ooo 

261 

li 

7.4 

-0.0 

«0.*T 

3ooO 

264 

1$ 

4.3 

-9.0 

915.T* 

^009 

294 


4.9 

-14.2 

B82.il 

SoOO 

290 

19 

7.3 

-20.9 


(>009 

2B9 

29.. 

_ oa 

-21,3 

8)9,03 

7oOO 

204 

21 

4.9 

•22.0 

T89.08 

eOQO 

203 

23 

3*5 

-20.2 

T6o.o8 

«ooo 

204 

25 

2.4 

-10.7 

732. 0« 

loooo 

206 


.1 

-20.4 

T0*.9» 

11000 

200 

25 

M.a 

-23.5 

670.55 

l?000 

290 

30 

-3.2 

-25,7 

693,03 

iSooo 

20f- 

-29- 

.4;r 

-27.5 

628.34 

1^000 

200 

30 

-5.7 

-20.6 

606.67 

ISOOO 

202 

33 

-7.2 

-30.3 

581.62 

Uooo 

279 

3^ 

-10.1 

-32.3 

559.06 

nooo 

277" 

33 

-12.0 

-33.9 

537,35 

lOooo 

271 

33 

-15.4 

-36,0 

516.27 

l^OOO 2«7^ 


-Tinr 

-3t;o 

495.86' 

20000 

265 

40 

-20.6 

•40.9 

675.99 


I-ANCAYORY LtVfLS 


RH 

AO hum 

OENSITV 

1/H 

VS 

5H|taP 

PCT 

G/H3 

G/M3 

N 

KT5 

/SEC 

CCG 

9p 

4_*ll 

1309.63 

317 

643 

0 

9 

27 

2.59 

1211. 62 

204 

650 

.01* 

279 

31 

2.43 

1178. TT 

270 

653 

.003 

272 

37 

2.02 

U*8.23 

271 

649 

.003 

204 

23 

1*45 

1106 « 6 » 

255 

6S0 

• 016 

359 

11 

• Fp 

1099.32 

241 

652 

.006 

314 

12 

• 

> 021, 08 

233 

65l 

.006 

232 

12 

•*2 

988.30 

225 

050 

• 003 

w 

lO 

.96 

956.58 

2l9 

640 

• 003 

263 

l9 

i*io 

926.83 

213 

647 

.006 

300 

20 

• 94 

898, }8 

290 

644 

• 0Q6 

309 

l7 

• 74 

870.9* 

199 

442 

*003 

3l9 

10 

.00 

862,63 

192 

640 

.002 

3j3 

15 


9i5.e* 

105" 

030 

;«02 

163 

14 

.46 

787.06 

170 

637 

.003 

239 

14 

.49 

761.60 

172 

635 

.009 

253 

14 

.33 

760,18 

167 

632 

.003 

210 

15 

.29 

711.27 

102 

629 

.003 

ISO 

15 

.23 

697.67 

IS7 

625 

.009 

I4i 

u- 

.19"" 

6T7.i*^ 

152 

62T" 

.006 

710 

10 

.16 

696,67 

147 

619 

.008 

255 


altitude 

OIR 

SPeCO 

TCRP 

nil 

DEO 

KTS 

DEG C 

617 

259 

-X\ 

lO.O — 

2010 

261 

»4 

7.4 

3450 

265 

10 

3.3 

«991 

296 

19 

7.3 

E620 

206 

21 

5.4 

«J41 

203 

23 

3.3 

10164 

206 

2« 

-0.3 

■ 12097 

209 

30 

-3.4 

IM62 

264 

31 

-5.9 

14370 

270 

33 

-li.2 

1B749 

267 

35 

-17.6 


CEV PT 

PRESS 

BM 

DBG C 

MBS 

PCT 

-4.L 

1099. 

30 

-6.0 

950 

31 

•8.6 

900 

41 

-20.9 

850 

11 

-21.9 

800 

12 

-19.3 

750 

17 

-20.7 

700 

20 

-25.9 

650 

15 

-29.0 

600 

14 

-33.1 

550 

14 

• 37.6 

500 

15 


SIG^•1F^CA^T LCVCL5 


tituoe 

OIR 

SPeFO 

TEMP 

feet 

DEO 

KtS 

OEG C 

16 

209 

4 

•0,« 

237 

250 

9 

11.4 

1699 

269 


0.5 

2503 

263 


5.3 

3596 

265 

lO 

3.0 

3675 

206 


2.2 

♦ 149 

297 

l7 

4.1 

5191 

296 

1« 

7.4 

16623 

203 

32 

-6.3 

U560 

269 

34 

-17.0 


DEV PT 

PRESS 

UR 

OEG C 

•'pS 

N 

-2.3 

1022.4Q 

317 

-2.4 

lOU.03 

300 

-8.5 

961,12 

280 

-9.3 

93P.15 

274 

-0.5 

895,57 

267 

-9.2 

892,89 

267 

• 19.4 

877.20 

250 

-21.0 

843.99 

239 

-29.0 

590.04 

174 

-37.2 

504.74 

154 


original PAGp n 


19 





TfeiT 0577> 

HAtf(>%SgN0E Ru^ AN/0MD«4 
C**»h K6NNE0Y APS, **LO»?IOa 
U F 66 X97^ 


ASgtNT NtfR 
aLIUUUE 

ue»7 

JIH SPEED 

tehp 

OrW PT 

P»>ESE 

Rh 

AB 

'■£‘'SITV 

I/« 

vS 

S^L A!( 

Pb?T 

CEU 

KTS 

^EC C 

uE 6 C 

► 8 S 

PCT 

G/*»3 

'!/l 3 

N 

kts 

/SEC 

DEG 

16 

260 

6 

7,4 

1.6 

iua 2 .»o 

64 

5.23 

'244. .1 

314 

653 

0 

0 

luoo 

276 

16 

9.1 

•0.7 


60 

4,46 

'214,97 

PV 6 

654 

,021 

264 

2VQ0 

26 V 

17 

7.3 

•7,7 

r»o,,7 

33 

2.64 

Il7»,l2 

279 

652 

,004 

166 

iuov 

26^ 

16 

5,0 

-U.7 

P15|/# 

29 

1.94 

5146,04 

?56 

650 

,001 

233 

4U00 

277 

17 

4,3 

•13,1 

eP2i<l 

27 

1.79 

ll".,,. 

258 

649 

.005 

16 

9U0U 

29t 

17 

7,6 

-26.6 

049,, a 

5 

.44 

10.4,24 

236 

653 

.00* 

16 

6goo 

29V 

l6 

6.4 

• 26,6 

01., ». 

6 

.49 

'020,20 

230 

651 

,002 

296 

TVOO 

266 

22 

5,4 

•26,6 

7 * 9,99 

6 

.49 

.40,81 

223 

650 

,007 

296 

6VOO 

266 

26 

3,6 

•25,5 

/to.ia 

U 

• 61 

996, J1 

217 

646 

,006 

299 

VUOi) 

26^ 

27 

2,0 

• 23.1 

/J2,67 

13 

,79 

9?6,5« 

2 II 

646 

,003 

254 

XOUQO 

261 

26 

4 

• 23.8 

/C4,O0 

14 

.71 

e«e,25 

209 

644 

,002 

260 

iiuoo 

261 

29 

-2,’i 

•25,6 

P'B,9. 

14 

.65 

672,1. 

l96 

641 

,002 

267 

izuoo 

266 

30 

•4,1 

•29,0 

*‘^2,92 

12 

• 49 

645,04 

l9l 

639 

.003 

3fl7 

iiuos 

266 

32 

•6 , 3 

• 31,6 

02., t* 

11 

.39 

616,85 

164 

636 

,002 

290 


261 

32 

-6,9 

•33.6 

«C4,<!2 

10 

.26 

7,0.55 

l7S 

636 

.002 

192 

i’vos 

2V2 

32 

-r7,9 

•35,9 


6 

.23 

763,11 

lli 

634 

.004 

164 

l^uco 

272 

34 

-9,5 

• 37,4 


6 

• 20 

’3*. 15 

^33 

.00* 

221 

iTuo# 

266 

36 

•12,2 

.36,7 

S37,#7 

9 

.16 

716. .2 

161 

629 

,006 

223 

iituou 

266 

36 

•14.7 

• 40,7 

916,04 

9 

.14 

695,45 

166 

626 

.004 

226 

Ieudo- 

266 

40 

•17.4 

.42,2 

495,64 

9 

.12 

675,09 

191 

623 

,004 

239 

20UQ0 

261 

46 

•19,7 

• 44,2 

475,6, 

9 

.10 

644,15 

146 

620 

.006 

236 


mandatory LcVELS 


ALJI 1 JUL 


SPEED 

TEMP 

rt> PT 

P(*hSV 

Hri 

► trT 

rgL* 

ikTS 

ntf. c 

^ C 

► 0 S 

PCT 

020 

261 

19 

e.v 

•0.7 

lOOU 

51 

2U10 

26 V 

17 

7.3 

• 7.6 

950 

33 

3460 

271 

1« 

4,r 

•12o7 

900 

27 

AVSV 

295 

l7 

?.A 

•26.6 

650 

5 

6020 

290 

21 

5,9 

•26o6 

900 

6 


26*) 

25 

3,1 

•23i6 

750 

12 

10164 

261 

2« 

•^.7 

•23.8 

700 

15 

12U92 

264 

30 

•4.2 

•29,4 

650 

12 

14150 

260 

31 

•7.3 

•34,3 

600 

9 

io364 

270 

35 

•U ,4 

-37.9 

550 

6 

xe?4Q 

264 

40 

•16,? 

•41,9 

500 

9 


ciGviPItA^T LEVELS 


ALU fLUb 

OlH 

speed 

TEhP 

TtK PT 

pAfcSO 

l/k 

EtrT 

DEV 

kTS 

ObG C 

ns6 r 

HbS 

N 

16 

260 

6 

7,6 

1.5 

1024.50 

314 


265 

iv 

1.9 

•0.7 

1014.16 

307 

1146 

275 

1® 

0.2 

•C«7 

960,67 

297 

2062 

267 

1® 

5.C 

•11 15 

91V, 54 

269^ 

4.»72 

286 

17 

2.7 

•9.4 

666 .73 

256 

4/66 

294 

17 

7,9 

-26.9 

656,66 

239 

V47l 

262 

27 

1 .1 

•24.0 

7lV,i6 

206 

11432 

25^ 

2® 

• 3 .4 

•27.1 

667»36 

IV6 

15266 

275 

32 

-e.c 

•36.4 

574,62 

170 

iviia 

264 

41 

•17,7 

•42,3 

493,26 

151 
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ttA«lNSONOC RUN AN/qN 0«1 
CAPE KENNEDY AfSt FLORIDA 
10002 M EE8 1074 
iSClNt n 8R OOtl 


altitude 

OIR 

SPeFO 

TenP 

OEO PT 

PRESS 

rtcT 

DEO 

kts 

CEO C 

DEC C 


1* 

220 

1 

i.o 

.0 

1021.00 

Too* 

281 

2I 

0,4 

3.1 

904.50 

2000 

280 

29 

6.9 

3.2 

948.01 

loo* 

300 

29 

4.4 

1.6 

914,10 

*000 

302 

2« 

2.3 

.9 

880,57 

5000 

300 

27 

9.2 

-9.9 

048.10 

«ooo 

296 

29 

3.7 

-1 0 .0 

017,07 

Too* 

’28r 

29 

2.2 

-io*6 

706,94 

oooo 

296 

27 

• 3 

-10.2 

751.75 

oooo 

29l 

30 

•i.3 

-11.6 

729.47 

10000 

209 

32 

-3.2 

-1*3.6 

702.00 

llcoo 

202 

34 

-9.? 

-iO.2 

679.53 

12000 

202 

39 

-6.1 

-10.9 

649,04 

nooo ' 

200 

37 

-7.7 

-20.0 

625.01 

1*000 

277 

39 

*0.6 

-22.0 

601,02 

15000 

274 

43 

-10*0 

-23.3 

577.09 

1*000 

27l 

47 

-12.0 

-25.0 

955.44 

nooo 

270 

91 

-14.1 

-24.0 

532.74 

lOoOO 

269 

94 

-16.0 

-27.9 

512,72 

1*0*0 

260“ 

90 

-10.6 

-29.1 

492,36 

20000 

260 

90 

-21.3 

-31.0 

♦72.61 

— 



NANOAlORt levels 


altitude 

OlR 

SPcEO 

TEMP 

DEV PT 

PRESS 

feet 

DEO 

KtS 

OEO C 

DEC C 

MBS 

974 

272 

15 

9.2 

3.3 

1000 

— r«3 

290 

25^ 

6*6 

3.2 

990 

3413 

301 

29 

3.4 

1*2 

900 

4435 

301 

27 

9.0 

-9.1 

890 

4991 

296 

29 

2.9 

-11.0 

800 

8256 

296 

20 

-6.3 

-10.4 

750 

10098 

209 

32 

-3.3 

•13.0 

TOO 

■ 11870 

202 

39 

-6.1 

-18*9 

650 

14014 

277 

39 

-6.7 

-22.0 

400 

14>13 

271 

40 

-12.5 

-29.4 

990 

l«578 

260 

99 

-17.6 

-26.6 

900 

21132 

267 

6l 

-24.1 

-30.3 

450 


siomficant levels 


altitude 

OIR 

iPfEO 

TCPP 

OEV P7 

PRESS 

nil 

OEO 

ktS 

DEO C 

OEO C 

MBS 

16 

220 

1 

l.o 

• 0 

1021,00 

— 54r' 

269 

is 

0.2 

3.3 

lOOl.OO 

• 169 

303 

20 

2.0 

• 0 

875.00 

9006 

300 

27 

9.3 

-9.0 

048.00 

11097 

202 

34 

-9.4 

•16,9 

673.00 

14515 

275 

4l 

-0.2 

-22.9 

909.00 

19391 

272 

44 

-10.6 

-23.0 

969.00 

1«181 

260 

94 

•16*4 

-20.1 

909.00 

21024 

207 

60 

-24.1 

•31«0 

493.00 

21990 

266 

62 

-24.1 

-24.3 

•39.00 

23760 

999 

909 

-20.2 

-29.0 

•04«00 


RH 

AB HUh 

DENSITY 

l/R 

VS 

Smear 

PC7 

G/M3 

6/M3 

N 

KTS 

/SEC 

0E6 

00 

4,02 

1290,91 

310 

646 

0 

0 

69 

9.06 

1214.90 

307 

654 

.036 

294 

79 

5.94 

1170.40 

300 

651 

.009 

323 

03 

5.30 

1144,37 

209 

649 

• 007 

316 

90 

9.13 

1110.47 

200 

647 

,002 

66 

33 

2.26 

1060,10 

250 

650 

• 003 

157 

34 

2*11 

1026,00 

242 

660 

..04 

171 

30 

2*19 

994. 6T 

239 

646 

• 000 

115 

•9 

2*23 

964.11 

229 

644 

.004 

295 

49 

2*6l 

933.64 

221 

642 

• 006 

251 

44 

l*7l 

9o4,93 

213 

640 

• 006 

2f9 

42 

1*39 

077.61 

20S 

630 

.006 

236 

39 

l.tt 

047, IS 

196 

637 

• 002 

260 

34 

.95 

8l9,65 

109 

635 

.003 

253 

33 

• 06 

791.03 

102 

634 

,006 

240 

33 

.77 

764,43 

179 

632 

,007 

241 

33 

.46 

740.49 

109 

630 

• 007 

248 

33 

.97 

717.44 

164 

627 

,007 

253 

39 

.Si 

694.37 

ISO 

625 

,oos 

250 

39 

.66 

673.62 

153 

622 

,006 

255 

30 

• 36 

693.67 

140 

610 

• 006 

250 


RH 

PCT 

47 

70 

09 

37 

39 

46 

44 

39 

33 

33 

37 

97 


l/R 

N 


310 

311 

270 

290 

204 

170 

173 

197 

144 

140 
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TEST 0577!> 04U16 

nAM(ivSONJi Rijtt Aft/a^O-l 
UA»*fe KfcNwED^ *'K5* flO^iCA 

i 3 iiii li f*e 1 *^* 

\SCt'‘T NoR 0969 


AWUiobfc 

CIH 

SPbcU 

tehp 

new PT 

PKfeS. 


CEl* 

KTS 

DEG C 

uE3 C 

•BS 

IS 

260 

3 

«.v 

5,5 

10i2.*0 

;uos 

313 

1’ 

7.5 

.4 

•64 ,04 

^uoo 

3ll 

25 

5.6 

1,6 

•50*1> 


3q4 

25 

5.2 

•1,0 

yl.,46 

AUOO 

3p9 

2U 

3.C 

•10«4 

9»lf .3 

SuOU 

3lU 

20 

3.6 

-11*7 

««9il* 

6UO0 

304 

21 

2*3 

•10,5 


74/00 


2f 

5 « 

6 ♦ 

•12,5 

7V,f* 

;S 18 

ZQi 

29 b 

3^ 

3b 

1.4 

.v,6 

99,9 

.15,7 

7Se,67 
/JO, 43 

lOUOO 

291 

35 

•7.4 

•19,1 

>C3,U» 

iiuoo 

291 

35 

•4 , 6 

•21.4 

4 / 4 , >* 

i^uoo 

297 

42 

-7.1 

•23,4 

OS0./7 

i3bOS 

296 

43 

-6.4 

•25,4 

.is,«3 

14U00 

29b 

45 

•9.3 

•26,4 


i^MOO 

292 

37 

•11. f 

-27,7 

S7,,4. 

16U00 

26V 

45 

-12.5 

-2’, 5 


17U00 

264 

50 

•14,9 

.31,4 

»14,V, 

i«uoo 

27b 

50 

•16.9 

-33,4 


ii^uoo 

277 

54 

.20.5 

.33,3 

♦02,23 

'^'JwOO 

27» 

55 

•22.9 

• 33,4 

472,44 


Hit 

4S Hu.M 

"e»^SJT7 

!/» 

VS 

Su| 

; 

PCT 

G/4J 

'i/‘’3 

N 

t'TS 

/8EC 

C2d 

79 

6,96 

'.2,8,24 

323 

654 

9 

0 

62 

5,06 

1220, »3 

303 

653 

.02, 

31^ 

77 

9,42 

11,4,22 

296 

65n 

,00, 

30^ 

74 

4,45 

ll4l,2» 

?95 

648 

.005 

^ 1 

37 

2,21 

UlO. J* 

241 

647 

.00, 


3l 

1,95 

10*4. „ 

950 

646 

0 


35 

2,15 

•02,, 43 

24} 

64 * 

,005 


36^ 

1,75 

„2,4* 

232 

647 

.00, 


999 

31 

V9.99 

1,44 

,41,8? 

222 

217 

646 

643 

.Oil 

,007 

S41 

26 

1.09 

,''4,05 

906 

641 

,004 

194 

26 

.69 

«»7.21 

201 

639 

.084 

294 

25 

,74 

8,1, *0 

l95 

635 

,00, 

342 

24 

,43 

»2S,«* 

166 

634 

.002 

347 

23 

,59 

7,4.lS 

l«l 

633 

,008 

236 

24 

,52 

768,31 


631 

.004 

Hi 

29 

,44 

74*, 41 

169 

627 

.005 

229 

25 

,34 

773,24 

l44 

625 

. 00 ^ 

209 

26 

.31 

7*2,0? 

l99 

621 

,ooo 

192 

3l 

.31 

678,4* 

1 ” 

619 

, 00 ^ 

264 

37 

,31 
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149 

616 

,002 
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PT 

r'^cSi 

Hn 

rteT 

OEb 


DEG C 
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4l6 

•Sll 
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IDOU 

59 

2U02 
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25 

5,6 

1,4 
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77 

3^46 
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23 

S.' 

- 3,3 

900 

64 

4V65 
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20 

3.6 

•11 , 7 

65U 

31 

6979 

3C3 

24 

3.2 

-n»6 

60U 

32 

‘^^69 

30l 

35 

.? 

99,9 

75u 

V99 

10U94 

291 

35 

-2.7 

-19,6 

70U 

26 
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292 

42 

•7^1 

•23,7 

650 

25 

i4u43 

29 ; 

45 

-?,3 

•26,4 

bOU 

23 

16W31 

26^ 

49 

•1W.6 

•30,2 

55u 

25 

i»975 

277 

52 

•19.7 

•32,9 

5DU 

29 


SlSMfUAN’ Lt»6l.i 


’Hurt 

CIH 

speed 

temp 


CPU 

aTS 

DEG C 

16 

26 U 

3 


294 

3qV 

14 

f .6 

2721 

3o5 

26 

4.2 

3U7Q 

3Q4 

25 

3,0 

•110 

3l0 

15 

3.7. 

7^62 

3o3 

2 « 

3," 

7964 

3q3 

33 

1.6 

4269 

3oi 

35 

f 6 

f*057 

29V 

36 

-C,2 

12366 

294 

43 

•7.6 

13933 

295 

44 

•9.3 

i4W44 

294 

45 

•9,4 

15616 

24V 

46 

-13.1 

16176 

266 

49 

•14,4 

17^66 

?81 

49 

•17,0 

17094 

275 

49 

•ii,5 


:c- PT 

HCbSl 

J/W 

IjcO C 

MBS 

l« 

5.5 

1022,40 

323 

1.5 

lOlc.Oti 

311 

.7 

925,00 

490 

•1 , 4 

913,00 

463 

•11,9 

676,00 

256 

• 13.4 

763*00 

431 

•13,6 

764,00 

426 

99,9 

751,00 

214 

•14,9 

741,00 

240 

•24,9 

641,00 

192 

-26,4 

604.00 

161 

•26,4 

596,00 

179 

-29*0 

56U,U0 

17C 

•3o«0 

554,00 

165 

-32,5 

5?4.O0 

161 

• 33.7 

515,00 

159 



APPENDIX D 


WINDSONDE DATA 



W I NOSONDE 


r^PE KENNEDY 

AFS • 

FLA. 


JOH3Z • 

11 FEB 

1974 



ASCENT 

tlHR. 

0330 


% 

ALT FTi 

WDIR 

WKTS SHEAR 

nonois 

220 

002 

0000 

COO 

031 Oil n 

2G3 

313 

.023 

263 

3.32000 

296 

024 

.022 

345 

.003300 

303 

031 

.013 

311 

004000 

305 

029 

. 0 06 

073 

035030 

3 ns 

026 

.006 

103 

OOS000 

290 

024 

.013 

195 

007000 

297 

026 

,005 

350 

oosono 

29.1 

031 

.009 

302 

OODODO 

292 

030 

,036 

131 

010000 

2-9 

334 

.003 

269 

011000 

2?>2 

332 

.033, 

163 

012000 

231 

330 

.034 

112 

.013000 

277 

030 

.004 

198 

014 000 

276 

035 

.009 

273 

015300 

270 

040 

.011 

236 

niGooo 

.269 

042 

.003 

244 

017000 

2*63 

037 

.003 

095 

018000 

263 

042 

.007 

262 

019030 

‘ 263 

345 

,009 

216 

323030 

251 

052 

.011 

248 
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> A f \ sy' 


>’OAA 2 OitBIT 6052 10 FEBRUARY 1974, 2058 EDT 



NOAA 2 ORBIT 6065 11 FEBRUARY 1974, 2205 EDT 
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APPENDIX F 


CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAWINSONDE DATA 





I 


The equations used for calculation of thermodynamic 
variables from measurements of altitude, temperature and 
relative humidity obtained from the GMI)-d , AMQ-9 rawinsonde 
system are summarized herein; these equations, oriRinally 
developed for the GMD-2 system (Ilef. 1), must be used in 
conjunction with the list of symbols and units provided at 
the end of this appendix. 

Atmosphe ric Oensity, p 

p = 348.38 ^ 

^v 


Pressure, P 


P = p'io-(h-h')/(221.266 
Geopolential lleit , . 1 , h 


9.8 r^+H 
Virtual Temperature, 


= T(1 + .376932 e/P ) 


Mean Virtual Temperature, T^^^^ 


T 


vm 



+ T 

V 

2 


Vapor Pressure, e 


e 


6.11 


f i()7.5t/<t + 237.3) 
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4 %flT 


4 


Dew Point Temperature , 


t = 237.3 log e - 186.527 
^ 8.236 - log e 


Potential Temperature, 0 
0 = T 

Virtual Potential Temperature 0 


0 = T 

V V 


(i^) 


.288 


Absolute Humidity, p 


w 


p = 216.7 e/p 
w ' ^ 


Microwave Refractive Index, n 

f77.6P-ll( 


n = 1 + = 


j*l ^77.6P-llc + 374808ej j 


10 


-6 


For data tabulation, use: 


N = (n-l)lO 


6 


Speed of Sound, V 


= 643.855 


/ .p \0.5 
\273. ley 
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LIST OF SYMBOLS AND UNITS 


vapor pressure millibars (mb) 

relative humidity expressed 
as a decimal 

2 

acceleration of gravity at molers/seconds 

ceocraph ical location of the , , 2. 

rawinsonde station ' 


Roopotential height at the top feet (ft) 

of the layer bounded by h and h' 


geopotential height at the (ft) 

bottom of the layer bounded 
by h and h' 

geometric altitude at the top (ft) 

of the layer bounded by H and H' 

Geometric altitude at the (ft) 

bottom of the layer bounded 
by H and H' 

microwave refractive index 


unit of refractive index used for 
simplification of data tabulation 


pressure at geopotential height h 

pressure at geopotential height h' 

radius of the earth 

temperature 

temperature 

dew point temperature 


(mb) 

(mb) 

(it) 

degrees Celsius (”C) 
degrees Kelvin (°K) 
(°C) 


virtual temperature at 
geopotential height h 


("k) 





] 

\ 


n [- 


ikttr. 



Pw 

0 


virtual temperature at geopotential 
height h' 

the mean virtual temperature of 
layer bounded by h and h' 

speed of sound 

atmospheric density 

absolute humidity 
potential temperature 
virtual potential temperature 


("K) 

(”K) 

knots 

3 

grams/meter 

(gm/m^) 

(gm/m^) 

(°K) 

(°K) 


i 
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